PURPOSE We aimed to determine the impact of transitional care interventions (TCIs) on acute health service use by patients with congestive heart failure in primary care and to identify the most effective TCIs and their optimal duration.
INTRODUCTION
C ongestive heart failure (CHF) imposes an increasingly heavy burden on health care systems, most of which can be attributed to numerous hospital readmissions and emergency department (ED) visits. [1] [2] [3] Multiple exacerbations of CHF result in frequent use of acute health care services by these patients, known as revolving door users. After discharge, 25% of patients are readmitted within the first 30 days, 4, 5 and 50% within the first 6 months. 6, 7 This frequent use of health care services is mainly due to lack of understanding of a treatment plan, nonadherence to medical therapy, unawareness of CHF symptom exacerbation, and irregular follow-up. [8] [9] [10] [11] [12] Lack of coordination and communication between hospitalists and primary care physicians (PCPs) has been documented. 13, 14 PCPs too often do not receive discharge summaries, 15 and when they do receive them, the summaries often lack appropriate documentation of medication indication and advice for follow-up. It is therefore difficult for PCPs to plan an appropriate follow-up after hospital discharge. 16 To address these issues, transitional care interventions (TCIs) have been implemented with a common objective of reducing the rate of hosIsabelle Vedel, MD, PhD Vladimir Khanassov, MD, MSc pital readmission and ED visits. 2, [17] [18] [19] Coordination of appropriate transition plans is now one of the suggested domains that should be measured when assessing patient-centered medical homes. 20 TCIs comprise a broad range of time-limited health services including patient or caregiver education on self-management, discharge planning, structured follow-up, and coordination among health care professionals involved in the transition, including PCPs. 2, 17, 18, 21 To date, a few systematic reviews have been published on TCIs. [22] [23] [24] It has been shown that the interventions decrease hospital admissions after 12 months of follow-up. 22 These reviews, however, were unable to determine the most efficacious TCI. 22, 24 They did not include all types of TCIs 22, 23 ; furthermore, a substantial number of RCTs on these interventions have been published since the publication of the reviews (26 since that by Phillips et al 24 )
. We therefore conducted a systematic review and meta-analysis to determine the impact of TCIs on the rate of all-cause readmission and ED visits by patients with CHF, and to identify the most effective TCIs and their optimal duration.
METHODS
A systematic review and meta-analysis, conducted according to Cochrane recommendations, allowed us to integrate and summarize the results of a large number of studies. 25 The protocol was approved and funded by the Canadian Institutes of Health Research (KRS-250478). We used the PRISMA (Preferred Reporting Items for Systematic Reviews and MetaAnalyses) framework 26 for reporting the results.
Eligibility Criteria
Trials were eligible for inclusion if they had a randomized controlled design and enrolled patients with CHF discharged from inpatient departments to home. The trials had to compare some form of TCI with usual care, and had to collect data on all-cause readmission and all-cause ED visits (Supplemental Appendix 1, available at http://www.annfammed.org/ content/13/6/562/suppl/DC1.)
Information Sources and Search
A librarian specializing in systematic reviews conducted the literature search. We performed a systematic search of 4 databases (MEDLINE, PsycINFO, EMBASE, and Cochrane Database of Systematic Reviews) for articles published between 1995 (beginning of TCI) and February 6, 2014. The key words were "heart failure," "transition," "care planning," and "discharge" (Supplemental Appendix 2, available at http://www.annfammed.org/ content/13/6/562/suppl/DC1). We also screened ref-
erence lists of included articles to look for potential additional interventions. All companion articles of the included studies were searched.
Study Selection
We used a 2-step approach to study selection. First, 2 reviewers (I.V., V.K.) independently examined the references (titles and abstracts) based on the eligibility criteria. Second, full texts of the selected references were retrieved, read, and selected based on the eligibility criteria. At each step, differences in coding were resolved by consensus.
Data Collection Process and Items
Information was extracted from each study by 2 researchers (Melanie Le Berre, PT, MSc, and Martin Beauchamp, Aux Nurse) independently and included author, publication date, country, components of the intervention, health care professionals involved, frequency and duration of follow-up, study design, duration of the study, and participant characteristics such as sample size, mean age, percentage of males, and severity of CHF. Outcomes were extracted at the final follow-up and at various follow-up periods. Any discrepancies were resolved through consensus.
Risk of Bias in Individual Studies
The quality of the studies was assessed independently by 2 reviewers (V.K. and Quan Nha Hong, PhD[C]) using a validated tool for the critical appraisal of experimental studies, the Downs and Black scale, 27 which had demonstrated a high validity (r = .90) and interrater reliability (r = .75). 28 Particular attention was paid to randomization generation, allocation concealment, the blinding of participants and/or outcome assessors, and loss to follow-up. We categorized quality as higher (≥20 = very good, 15 to 19 = good) or lower (11 to 14 = fair, ≤10 = poor). 29 Interrater reliability was calculated using the interrater correlation coefficient. 30 Any disagreement was resolved by consensus.
Summary Measures
As recommended in the review of complex interventions, 31 and in line with our protocol, 3 experts in the areas of integrated care, care management, and systematic reviews (I.V., V.K., and Ian Shrier, MD, PhD) developed a taxonomy by consensus to classify TCI into homogeneous groups of interventions. To develop the taxonomy, we first looked at the included interventions and described them in detail, before examining the results of the studies. Second, we examined the extant literature, including other systematic reviews, to identify key components of interventions and their link with intensity. On the basis of this literature review, the 2 key elements were home visits, usually by a home nurse, and frequency of monitoring. Indeed, direct contact and, in particular, home visits, 32, 33 led to a reduction of readmissions, whereas phone calls did not. 33 Home visits reinforced self-management (better understanding of the disease and adherence to treatments). 34 Home visits also eliminated transportation to the physicians' offices and pharmacies, among the main contributors to readmission of older patients. 34 Repeat visits also had an impact on long-term outcomes. 35 The included interventions were then classified as low, moderate, or high in intensity ( Table 1) .
Synthesis of Results
We conducted a meta-analysis using Review Manager 5.3 (The Nordic Cochrane Centre, The Cochrane Collaboration) to determine the differences between the TCI group and the usual care group in their risks of readmission and ED visits at the last provided follow-up time. Relative risks (RRs) and their 95% CIs were calculated to estimate the mean effect size. We also calculated the number needed to treat to estimate the clinical importance of a TCI. If more than 1 publication described the same study, it was treated as 1 study. If 1 publication studied multiple interventions, each intervention was included in the meta-analysis. We used random-effects models, as we expected the different interventions to vary in their effects. Metaanalyses were performed on an intention-to-treat basis when possible. The I 2 statistic was used to measure heterogeneity. 36 We contacted authors for additional data to conduct the meta-analysis when it was required.
Risk of Bias Across Studies
To determine if there were any reporting biases in our included studies, we created a funnel plot, plotting the study standard errors vs the logarithm of the risk ratios, as per the Cochrane recommendations. 25 
Additional Analyses
We performed subgroup analyses to explore the effect on risk of readmission attributable to intensity of TCI, severity of CHF, and mean age of participants. To further investigate the most effective combination of intervention characteristics, we conducted a stratified analysis on the interaction between intervention intensity and duration. The stratification was conducted on a 6-level categorical variable: low intensity and 6 months or shorter; moderate intensity and 6 months or shorter; high intensity and 6 months or shorter; low intensity and longer than 6 months; moderate intensity and longer than 6 months; and high intensity and longer than 6 months.
To assess the robustness of our intervention effect estimates, we conducted sensitivity analyses, excluding possible outlier studies, cluster-randomized trials, TCIs with additional components, and RCTs with lower methodologic quality.
RESULTS
Out of 11,423 references, 41 RCTs and a total of 43 interventions were included in the review, [8] [9] [10] 35, including 5 trials identified through the screening of reference lists 43, 44, 51, 56, 62 ( Figure 1 , Table 2 , and Supplemental Appendix 3, available at http://www.annfammed.org/content/13/6/562/suppl/DC1; 3 companion articles were identified [81] [82] [83] ). The length of follow-up ranged from 1 to 24 months postdischarge. The mean age of patients ranged from 57.9 to 81.0 years, and 65.6% of patients were men. Usual care was sparsely described in the studies. It consisted of predischarge education on CHF selfmanagement and usual follow-up with the family physician or cardiologist as required.
TCI Characteristics
TCIs included predischarge education for patients (on CHF management, nonpharmacologic strategies, and medication management, usually given by a specialized CHF nurse using written or video material), a discharge plan (including a medication review, individualized care plan development, and a discharge letter sent to the family physician or cardiologist), and structured, proactive, and prearranged follow-up. The trials were nearly evenly split by the intensity of their TCI: 13 studied low-intensity interventions; 14, moderateintensity interventions; and 16, high-intensity interventions (Table 3) . Some interventions had additional components: a nurse visiting the hospital in cases of readmission, 35, 72 and patients having access to a nurse either during office hours 59, 64 or at all times.
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Risk of Bias in Individual Trials
Overall, 35 trials were of higher quality (very good or good) (Supplemental Appendix 4, available at http:// www.annfammed.org/content/13/6/562/suppl/DC1). Six were of fair quality. 9, 42, 43, 49, 52, 71 None of the trials were of poor quality. The interrater correlation coefficient was strong (0.79; 95% CI, 0.63-0.88; P <.0001). 30 Blinding of participants was not possible because of the nature of the interventions. Sixteen RCTs described blinding of outcome assessors* and 5 reported some level of allocation concealment. 8, 10, 55, 62, 66 Loss to follow-up was acceptable (less than 20%) in 35 RCTs.
Effect on All-Cause Hospital Readmission
Forty-three interventions provided data on all-cause readmission; a forest plot of their results is shown in Figure 2 . The meta-analysis showed a significant reduc- Riegel et al, 37 2006 X 11 RCTs had a prearranged telephone followup. [37] [38] [39] [40] [41] [42] [43] [44] 53, 56, 62 Patients received 3 to 16 telephone calls (over a 2-to 12-month period). Domingues et al, 56 2011 X DeBusk et al, 38 2004 X Laramee et al, 39 2003 X Wakefield et al, 40 2008 X Dunagan et al, 41 2005 X Rainville et al, 42 1999 X Tsuyuki et al, 53 2004 X Barth et al, 43 2001 X Lopez Cabezas et al, 62 2006 X Chaudhry et al, 44 2010 X Doughty et al, 70 2002 X In 2 RCTs, follow-up was provided in an outpatient clinic by the family physician or a cardiologist or multidisciplinary team. 56, 69 Patients visited the clinic 7 to 10 times (over a 12-to 18-month period).
Jaarsma et al, 57 2008 X
Moderate intensity
Stewart et al, 9 1998; Inglis et al, 81 2004 X 4 RCTs used prearranged home visits 9,34,70,71 with a total of 2 to 9 visits (over a 6-to 12-month period). Barker et al, 71 2012 X Naylor et al, 35 2004 X Kwok et al, 72 2008 X Nucifora et al, 59 2006 X X 8 RCTs combined a structured telephone call with follow-up in a clinic. 44 47, 66 The vital signs transmitted daily consisted of weight, 47, 66 blood pressure, pulse, and oxygen saturation. 66 Patients also answered questions on CHF symptoms via telephone (automated voice response). 47, 66 Goldberg et al, 47 2002 X
High intensity
Harrison et al, 55 2002 X X 6 RCTs used structured home visits combined with telephone follow-up. 8, 10, 47, 54, 66, 67 Patients had a total of 1 to 3 home visits (over a 3-to 12-month period).
Rich et al, 48 50, 52 or visits to a clinic. 58 Vital signs (weight, blood pressure, oxygen saturation, heart sounds, pulse, and electrocardiographic findings) were transmitted daily 50, 51, 58 or at a scheduled time.
52,61
Bowles et al, 50 2011 X Kulshreshtha et al, 51 2010 X Pekmezaris et al, 52 2012 X Cleland et al, 58 2005 X CHF = congestive heart failure; RCT = randomized controlled trial.
tion in the relative risk of readmission with a TCI as compared with usual care (RR = 0.92; 95% CI, 0.87-0.98), indicating that TCI reduces the risk of readmission by an average of 8%. The number needed to treat was 52, meaning that 52 patients had to receive the TCI for 1 patient to benefit (1 less readmission to occur).
Effect on All-Cause ED Visits
Five trials provided data on all-cause ED visits 43, [53] [54] [55] [56] ; a forest plot of their results is shown in Figure 3 . The meta-analysis showed a significant 29% reduction in the risk of ED visits for TCI as compared with usual care (RR = 0.71; 95% CI, 0.52-0.98). The number needed to Figure 2. Forest plot for all-cause readmission (presented by weight) . Study f Multidisciplinary intervention.
g Follow-up in clinic.
h Follow-up in clinic and monthly contact with the nurse.
treat was 9, meaning that 9 patients had to receive the TCI for 1 patient to benefit (1 less ED visit to occur).
Additional Analyses
The results of the exploratory subgroup analyses suggested that high-intensity interventions are efficacious at reducing the risk of readmission (RR = 0.86; 95% CI, 0.78-0.94), and that they are most efficacious in a population with mean age of 75 years and older (RR = 0.83; 95% CI, 0.76-0.92) (Supplemental Appendix 5, available at http://www.annfammed.org/content/13/6/562/suppl/ DC1). To further investigate the effects of intervention characteristics on readmission risks, and to find the most effective combination of characteristics, we conducted a stratified analysis on the interaction between intervention intensity and duration. Results showed that the different intensity and duration combinations do in fact have significantly different mean effects on the relative risk of readmission (P = .003) ( Table 4) . Highintensity interventions continued to be associated with a reduced risk of readmission regardless of their duration, and interventions of moderate intensity seemed to decrease the risk if they lasted longer than 6 months. Neither moderate-intensity, short-duration interventions, nor any of the low-intensity interventions significantly reduced the risk of readmission. Because of the small number of studies, we could not carry out further analyses on the risk of ED visits.
The results of the sensitivity analyses are presented in Supplemental Appendix 6 (available at http://www. annfammed.org/content/13/6/562/suppl/DC1). We did not detect any differences in the estimated mean effects when omitting outlier studies, cluster trials, trials with additional components, and those having lower methodologic quality. Lastly, according to the Fisher exact test, the quality of the study and the TCI intensity were independent of one another (P = .66). Overall, the main findings were robust in sensitivity analyses.
Risk of Bias Across Studies
There was no appearance of a systematic asymmetry in the funnel plot (plotting the study standard errors vs the logarithm of the risk ratios) (Supplemental Appendix 7, available at http://www.annfammed.org/content/13/6/562/suppl/DC1). We therefore have no reason to believe that any reporting biases exist in our trials.
DISCUSSION
Providing TCI to patients with CHF discharged to home showed mean 8% and 29% risk reductions of all-cause readmission and ED visits, respectively. TCI was far more efficacious in decreasing ED visits than in reducing hospital readmission: the number needed to treat was only 9 patients to avoid an ED visit vs 52 to avoid a readmission. These results are in line with previous reviews of studies of older CHF patients receiving comprehensive discharge planning plus postdischarge support. 22, 24 In contrast to previous meta-analyses, 21, 24, 74 we further identified more efficacious interventions and optimal intervention durations. Our results suggest that high-intensity TCIs need be sustained for only a short duration (6 months or less) to be effective at reducing the risk of readmission, while moderate-intensity interventions need to be of a longer duration (more than 6 months) to have a similar effect. It is therefore essential to provide individualized TCI to patients, and to triage patients for high-intensity or moderate-intensity intervention; risk stratification may help in guiding triage. 75 In contrast to a meta-analysis by Feltner et al, 21 we found that follow-up in the outpatient clinic only, that is, the usual postdischarge arrangement, does not improve the outcomes studied. Similarly, telephone follow-up used in isolation-the most frequently reported type of TCI (11 RCTs)-was not efficacious. In all cases, low-intensity TCI should be avoided. A key element of TCI is follow-up of patients by a PCP within a week after discharge. It is well known that early physician follow-up postdischarge and physician continuity are associated with better outcomes among patients with CHF. 76 Advanced access scheduling for discharged patients is one means for enabling timely follow-up after discharge. 77 Successful communication between hospitals, in particular cardiologists, and PCPs is also of paramount importance. Hospitals need to notify PCPs of patients discharged and send the summary for return visits. As the information on many discharge summaries is often inadequate for PCPs to manage continuity of care, 16, 78 however, the quality of these summaries needs to be improved, in particular the documentation of drug indications and follow-up. 16 Several limitations of this review should be mentioned. Because of resource constraints, we were not able to include articles in languages other than English and French. An objective measure of intensity that takes into account TCI type (face to face vs remote) as well as the number of contacts would have been more appropriate, but not all the studies systematically reported the number of contacts. Patient characteristics, including diagnosis, comorbidities, and severity of CHF, were missing in some studies. Future studies on TCI should exhaustively describe interventions, including the number of contacts, the components of the intervention (eg, use of medications, self-management) as well as patient characteristics (eg, receipt of diagnostics). Our study is also limited by a lack of published studies on "oldestold" patients (those aged 85 years and older), who frequently have multiple comorbidities and functional and cognitive impairments, 79 and who represent the fastest growing segment of the population. 80 The effect of the TCI might differ for this group, so future studies should consider this population. Furthermore, had more studies been available, we could have adjusted the metaanalyses for mean age of patients, as well as follow-up duration. The vast majority of included studies reported comorbidities; therefore, we could not conduct analyses exploring relationships between CHF, comorbidities, and TCIs. Future systematic reviews on TCI for patients with multiple comorbidities are needed.
In conclusion, providing TCI to CHF patients reduces readmission and ED visits. High-intensity interventions, regardless of intervention length, seem to be the best option. Moderate-intensity interventions implemented for long duration may be another option. Clinicians and managers who implement TCI in primary care can incorporate these findings with the health care context to determine the optimal balance between intensity and duration of interventions.
